Sand production is a major problem that the oil and gas industry has been facing for years. It can lead to loss of production, equipment damage or complete well abandonment. Prediction of sand has been historically challenging due to the periodic nature of sand production, insufficient laboratory tests and lack of field tests validation. Analyses have been performed to identify weak zones for planned wells, and common technique is the application of shear modulus and mechanical properties log (MPL) criteria developed by Tixier et al. (J Pet Technol 27:283-293, 1975). However, the set criteria have been found to be generally inadequate to detect transition zone or predict weak formation in some fields. In this study, using the knowledge of rock behavior, geomechanical properties and well log data, we have established new simple criteria for identifying fragile sections within a transition zone. In situ logging data from a field X, located in Sabah, Malaysia, and Field Y, located in Shimokita, Japan, were used in this study. Using the threshold for shear modulus and MPL, the criteria for the geomechanical properties are set to differentiate formation strengths at different depths. The threshold for Poisson's ratio is 0.34, Young's modulus at 1.6 × 10 6 psi and the unconfined compressive strength at 2400 psi. The MPL and geomechanical models were generated to predict sanding incident. The results were subsequently validated with artificial neural network using MATLAB. Also, critical wellbore pressure is calculated and acts as a guide to operate outside the sand failure envelope. Thus, the prediction of the weak formation using geomechanical properties has been further established in this study.
Introduction
Sand production during oil and gas production has been a major flow assurance issue for many decades. Oil production at high rates beyond the allowable may trigger failure, especially in unconsolidated formations. (Tixier et al. 1975; Aborisade 2011; Wang 2017) . Material degradation within the completion environment is a major factor which may be caused by drilling operations, sudden and/or excessive pressure drop, frequent shutdown and startup, operating conditions and strength weakening effect of water (Rahmati et al. 2013) . Formation failure could lead to excessive sand production which may adversely affect downhole completions, plug perforations, erode and damage subsurface and surface equipment as well as cause serious environmental hazards.
Many studies (Tixier et al. 1975; Palmer et al. 2003; Acock et al. 2004; Guinot et al. 2009; Osisanya 2010; Al-Awad 2012; Rahmati et al. 2013; Oyeneyin 2015; Balarabe and Isehunwa 2017; Subbiah et al. 2014; Willson et al. 2002; Deng et al. 2013; and Zhou and Sun 2016) have been conducted on sanding prediction, and yet no technique has been generally adopted by the stakeholders in the oil industry as the most accurate and reliable approach. Predictive models usually depend on formation and fluid properties that are often expensive and time-consuming to obtain from core samples (Yale and Jamieson 1994) . Therefore, several correlations have been developed to relate variables such as production rate, pressure drop and rock and fluid properties. Nevertheless, the correlations are very approximate and can only serve as guides (Rahmati et al. 2013) .
Mohamad-Hussein and Ni (2018) formulated a damage model using the Mohr-Coulomb failure criterion to describe the failure of porous granular material. They also conducted numerical analysis of a perforated well to evaluate the critical drawdown pressure for different reservoir properties. They concluded that the produced sand volume and sand mass rate increase with the drawdown pressure. Kolawole, Federer-Kovács and Szabó (2018) utilized a proprietary software to predict and quantify wellbore instability and sanding potentials in a Hungarian field. They were able to demarcate the formation into two separate intervals describing one zone as over-pressured, unconsolidated and highly stressed formation with a high tendency for wellbore failure during drilling process and with 90% possibility of wellbore instability. The other interval was described as the weakest, unconsolidated formation with high-risk sand production potential during well completion operation with a 70% potential of producing sand into the wellbore at this zone. However, they relied on a single-well analysis and were unable to validate their results with field data. Ispas et al. (2002) compared the prediction of sanding and casing deformation for a well in the Gulf of Mexico (GoM) by deploying a British Petroleum (BP) onset of sanding model to calculate the critical bottom-hole flowing pressure (CBHFP) below which sand production would occur. Analyses showed that the model was able to predict sanding within 20% accuracy of the result from the postsanding observation. Ranjith et al. (2013) developed a sand production cell to investigate the impact of screen slot size, injection pressure and moisture content on sand production rate. They showed that sand production could occur more frequently through small openings from dry sand formations than from wet formations. The sand production rate increases with injection pressure but decreases with increasing moisture content. The authors also developed a sand production model which is not generally applicable but for a specific sand particle size. Akinsete et al. (2017) developed an analytical model for predicting sand production in gas and gas condensate wells. Utilizing the concept of erosional failure mechanism, they developed a model which indicated that sanding in weakly consolidated gas reservoirs is influenced by flow rate, fluid density and viscosity, density of sand, particle size and borehole radius.
The rock mechanical properties are not directly obtained from logging tools but can be derived from well log data or obtained from laboratory test (Ameen et al. 2009 ). The properties determined from well log data are called dynamic properties while those obtained from stress-strain laboratory measurements are referred to as static constant (Howarth 1984) . In situ log measurements represent continuous profile of the formation strength (Hsieh et al. 2007 ). Sonic and density logs that are used to compute formation elastic constants serve as important indicators in sand prediction, and the combination of log data and mechanical properties shows good correlations (Fulong et al. 2013) . Although laboratory tests provide reliable rock mechanics parameters, the experiments are time-consuming and complex (Karacan 2009 ). Rock mechanics tests require volumes of core samples with well-equipped testing facilities to obtain formation strength quantitatively. Studies show that the calculation of shear waves or compressional waves from well logs can be accurate and reliable (Tan et al. 2015) .
Sanding problems can be minimized by reducing production rate to a level at which the formation can withstand the stresses in place. Restriction of flow rate would lead to decrease in cumulative production and loss of revenue; thus, reduction in production rate is not a financially attractive option. Hence, other practices such as sanding prediction should be considered for better sand management plan. For many years, several research works have been carried out on sanding prediction. Mechanical properties log (MPL) is famous for sanding prediction. This method uses well log data to analyze formation mechanical properties (Tixier et al. 1975; Eyinla and Oladunjoye 2014) . However, the technique when exclusively applied is inadequate to identify the transition zones in the formation as explained later. It should therefore be integrated with other techniques for proper and adequate diagnosis.
In this study, based on the concept of dynamic elastic constants and other geomechanical properties, we have developed new criteria for evaluating sanding potential and weak zone identification. The formation properties are used to obtain critical wellbore pressure for calculating maximum drawdown of the well. The study focuses on the qualitative identification of sanding potentials in clean sands using the geomechanical properties and well log data to develop new criteria for reliable identification of fragile zones that are susceptible to sand failure. Prediction of critical production rate, sand accumulation in wellbore and screen selection are not considered. Well logs and other well data from a Field X located in Sabah, Malaysia, and Field Y which is situated in Shimokita, Japan, were used for case study.
Description of Field X and Field Y
Field X Field X is located in Block SB-XX, Offshore Sabah, Malaysia ( Fig. 1) . The area consists of a series of oil and gas fields discovered in Late Miocene Stage IVc sediments. Petrophysics at rig indicate the main lithofacies are mainly sandstones and shales. The geological features consist of mainly anticline and syncline structure which indicates high possibilities of fault presence between the reservoir units. Two exploration wells have been drilled, and measurement-whiledrilling (MWD) procedure was used to obtain information such as true vertical depth (TVD), directional angle, as well as north-south (NS) and east-west (EW) departure. So far, there has been no study to predict sanding in Field X. Therefore, this study is conducted to characterize the formation mechanical properties to evaluate the necessity for sand control. Density and sonic log data were used to determine the geomechanical properties of the formation. The source rock of West Sabah Basin is rich in terrigenous organic matter in sedimentary intervals, and the thickness is approximately 220 m within the measured depths of 1330 m and 1550 m. The interval is characterized by soft-to-friable, blocky claystone with very fine quartz grain and moderately hard-towell-sorted sandstone with fair intergranular porosity.
During the drilling of the 12-1 / 4 -inch hole, the rate of penetration (ROP) decreased from 15 m/h within the interval 1201-1402 m to 6.5 m/h through the interval 1402-1487 m. The types of HTC drill bit used for the two intervals were MX-C03 and MX-09DX, respectively. The change in the ROP indicates the stratigraphic transition from weak to stronger zone. Stratigraphic analysis showed the interbedding of claystone and thin sandstone within the zone 1120 m to 1320 m and interbedding of sandstone and claystone in the interval 1320 m to 1636 m. Analyses showed that the formation at the depth of 1558 m situates 60% of sandstone characterized as light gray, olive gray, clear, transparent to translucent, soft to friable, dominantly very fine quartz grains, poorly consolidated, silty in part, sub-rounded to rounded, moderate to well sorted, trace carbonaceous materials and microlaminae, interbedded with brownish gray claystone (40%), trace mica, trace argillaceous matrix, noncalcareous to slightly calcareous, poor-to-fair intergranular porosity and poor shows. These descriptions indicate a weak formation. Below this zone, at a depth of 1573.1 m, the sandstone is also characterized as light gray, olive gray, clear, transparent to translucent, soft to friable, dominantly very fine quartz grains, poorly consolidated, silty in part, sub-rounded to rounded, but moderate to well sorted, trace carbonaceous materials, trace mica, trace argillaceous matrix, noncalcareous, fair intergranular porosity and fair shows; this indicates a stronger interval than the overlying layers.
Production tests were conducted in a 9-5/8-inch cased hole section. The oil well produced 24° API crude oil at the rates of 1378 STB/D and 0.16 MMSCF/D with an average gas-oil ratio (GOR) of 119 SCF/STB with 32/64" hoke size. The well was later produced at the maximum rates of 2745 STB/D with 0.73 MMSCF/D and the GOR of 267 SCF/STB with the choke size of 128/64". There were no water and sand productions during the maximum flow period.
Field Y
Field Y is located offshore Shimokita Peninsula (Japan Sea) with water depth of 1180 m as illustrated in Fig. 2 . Stratigraphic analysis shows that the oldest sediment recovered is of Oligocene to early Miocene geologic epoch. Lithology of Site C-X is made up of mainly sandstone, shale, siltstone and coal (Fig. 3) . The formation consists of deeply buried sediments, and riser drilling technology was employed to drill in two phases: from 647 (mud depth below seafloor) to 1257 mbsf and from 1257 to 2466 mbsf. With favorable borehole condition, good-quality log data were obtained, and 32 sediment cores were retrieved. 
Methodology
In this study, the elastic constants and Mohr-Coulomb concept were used to generate a geomechanical model. Sonic and density well log data are the main input used in this work. The in situ log measurements are fairly representative of the downhole formation architecture, and modeling of sand production by using formation rock properties is reliable as the quality of the data (Yale and Jamieson 1994; Dong et al. 2013; Cui et al. 2017 ). The mechanical properties log (MPL) is applied in this study to distinguish between weak and strong sands by using the concept of dynamic elastic constants (Khamehchi and Reisi 2015; Osisanya 2010) . According to Hsieh et al. (2009) , the major parameters that affect formation strength include bulk compressibility (C B ), shear modulus (G), uniaxial or unconfined compressive strength (UCS) and Young's modulus, (E). Compressional velocity, shear velocity and bulk density are obtained from sonic and density logs. Using stress-strain relationships, mechanical properties of the rock can be determined.
The shear modulus, bulk modulus and bulk compressibility are used to generate the MPL. The calculated MPL is then used along with the elastic constants and uniaxial or unconfined compressive strength (UCS) to determine the critical wellbore pressure as illustrated in Figs. 4, 5 and 6. Using the compressional and shear wave transit time as input parameters, the artificial neural network (ANN) in MATLAB software is subsequently used to establish strong correlation.
Mechanical Properties Log (MPL)
Relying on well log data, the mechanical properties log (MPL) is one of the popular methods that are used to evaluate sand failure. However, there are some limitations associated with this method. The inability to identify 'transition zone' makes it susceptible to erroneous interpretation of the formation strength which could ultimately lead to confusion and wrong decision in the prevention and proper management of sand failure. We define transition zone as a region characterized by gradual change in formation strength between an unconsolidated or weak layer(s) and compacted or hard zone(s). The MPL was applied in this study to distinguish between weak and strong sands using computation of elastic modulus (Khamehchi and Reisi 2015; Osisanya 2010) .
Major parameters that affect formation strength include bulk compressibility (C B ), shear modulus (G), unconfined compressive strength (UCS) and Young's modulus (Hsieh et al. 2009 ). Tixier et al. (1975) computed a critical value of 0.8 × 10 12 psi 2 for the MPL and 0.6 × 10 6 psi for the shear modulus with values greater than the set thresholds indicating no sanding problem. The MPL (psi 2 ) criterion is defined as a function of the shear modulus (G, psi) and bulk compressibility, C B in psi −1 (Tixier et al. 1975; Kowalski 1975; Sethi 1981 , Gatens et al. 1990 and where Δt s is the shear wave specific acoustic time (µsec/ft) and the bulk modulus (K B , psi) is given as where ρ is the bulk density (g/cc) and Δt c is the compressional wave specific acoustic time (µsec/ft). According to Tixier et al. (1975) , the maximum sand-free rate can be established when G/C b is within ± 10% of the accepted threshold of 0.8 × 10 12 psi 2 .
Application of MPL and shear modulus criteria
to Field X Tixier et al. (1975) recommended the critical value of 0.8 × 10 12 psi 2 for the MPL and 0.6 × 10 6 psi for the shear modulus with values greater than the set thresholds indicating no sanding problem. In other words, when G > 0.60 × 10 6 psi and C B < 0.75 × 10 −6 sq in./lb (i.e., MPL > 0.8 × 10 12 psi 2 ), the formation is strong or compacted; otherwise, the sand is considered weak, fragile or uncompacted. However, there are limitations in the application of MPL criterion due to occasional ambiguity in the identification of the transition zones.
(3)
The MPL and shear modulus are determined from well log data, and Figs. 7 and 8 illustrate the plots of MPL and shear modulus with depth, respectively. From Fig. 7 , the Tixier et al.'s (1975) criterion fails to identify the region between 1120 and 1500 m. In this study, this region is defined as the transition zone between the weak and strong formations. To the best of our knowledge, the MPL has not been used to differentiate between the soft and hard sections within the transition zone. Furthermore, the MPL sometimes gives conflicting results as shown in Figs. 7 and 8 . According to the MPL criterion, Fig. 7 shows that below 1500 m, the formation is strong or hard. However, the shear modulus threshold of 0.6 × 10 6 psi in Fig. 8 shows that the more consolidated zone can be found above 1320 m. This inconsistency calls for further investigation to develop a new or additional criterion to resolve the observed conflict between the MPL and the shear modulus criteria for qualitative estimation of formation strength. An important peculiar attribute of the transition zone is that it is characterized by a line of a relatively infinite slope or vertical gradient as shown in Fig. 7 . This observation has been employed in the development of a new threshold for the MPL.
Geomechanical model
The knowledge of rock mechanical properties and behaviors is important for effective well management and accurate sand prediction analysis (Wang et al. 2004 ). Well log data and MPL results are used to determine the geomechanical properties. The main output from the model includes Poisson's ratio (ν), Young's modulus (E) and unconfined compressive stress (UCS). Several mathematical relations have been developed to estimate the elastic constants and other geomechanical properties (Bradford et al. 1998; Rajabi et al. 2010; Horsrud 2001; Zhaoping et al. 2002) . Nevertheless, all the correlations rely on well log data.
It is important to know the rock properties and mechanical behaviors for accurate sand prediction analysis. The compressional or P wave (V p ) and shear or S wave (V s ) velocities are the fundamental parameters for geomechanical studies. The data can be directly obtained from dipole sonic imager tools while well logs can provide continuous input data for entire well (Rajabi et al. 2010; Bradford et al. 1998; Horsrud 2001) . The dynamic elastic modulus and Poisson's ratio can be calculated from log data such as bulk density, shear and compressional transit times (Δt s & Δt c ) as shown in Eqs. (5) and (6) (Onyia 1988; Zhaoping et al. 2002; Khair et al. 2015) :
The dynamic elastic modulus is used to determine the static Young's modulus by using the Lacy (1997) correlation as shown in Eq. (7) while the static UCS is calculated from Freyburg (1972) The wave velocities are expressed by Eqs. 6 and 7 (Miller and Stewart 1991): where V p and V s are P wave velocity (ft/s) and S wave velocity (ft/s), respectively.
Mohr-Coulomb calculation
Once the geomechanical properties are determined, the next step is to generate the Mohr-Coulomb model. The output from this model is the critical wellbore pressure, which is used to determine the maximum wellbore pressure that a well can produce without sand failure (Hayavi and Abdideh 2016; Galindo et al. 2017; Al-Ajmi and Zimmerman 2007) . Prediction of sand production using the Mohr-Coulomb model considers several parameters, including friction angle and rock cohesion, pressure, Poisson's ratio, UCS, as well as both the shear stress and normal stress that are functions of both the minimum stress and maximum principal stress (Osisanya 2010; Mirzaahamdian 2011; Al-Awad 2012; Labuz and Zang 2012) . Figure 9 shows a sketch of the Mohr-Coulomb criterion of failure envelope.The critical wellbore pressure, P c , is given in Eq. (11):
where σ x is stress in x-direction, psi; σ y , stress in y-direction, psi; α, constant; v, Poisson's ratio; and τ i , initial shear strength, psi.
MATLAB validation
When possible, log-derived dynamic rock properties should be calibrated to core-derived static properties. After computing the model parameters, MATLAB software was used to correlate the calculated geomechanical properties and the static properties for the weak zone prediction. The artificial neural network (ANN) was used to validate the calculations from both MPL and geomechanical models. ANN provides the most reliable prediction from well log data as empirical correlations can be obtained from ANN (Qi and Carr 2006; Khamehchi et al. 2014; Araujo Guerrero et al. 2014; Elkatatny et al. 2016) . Time-series prediction was applied where compressional and shear wave transit times act as the input data for this prediction. In this study, 70% of the data were used for training, 15% were for validation and the remaining 15% were for result testing. Using MATLAB time-step prediction, both MPL and geomechanical models are validated.
Results and discussions

Mechanical properties log
In Field X, as shown in Fig. 10 , shear modulus (G) increases with depth. Shear modulus for Field X is relatively low, with most of the formation less than 1 × 10 6 psi, and the average value of G is around 0.52 × 10 6 psi, which is lower than the threshold of 0.6 × 10 6 psi which was set by Tixier et al. (1975) . This indicates the formation is relatively weak. The transition zone defined in this project is when the line of slope approaches infinity. As shown in Fig. 10 , there is a transition zone between depths of 1120 m to 1500 m.
As shown in Fig. 11 , most of the formations of Field X have small MPL reading with an average value of 1 × 10 12 psi 2 . From the graph, we can see that the strength of formation increases with depth. Similar to the shear modulus graph, the transition zone is observed at depth from 1120 to 1500 m. Starting from 1500 m, the formation starts to fall within the acceptable range. Figure 12 shows the correlation results of MPL with all having an R value of average 0.97. A perfect alignment with the line will have an R value of 1. The training results using MATLAB show a positive outcome. Way forward to increase the accuracy of the training would be reducing the noise of MATLAB generated by sonic log.
In Field Y, as shown in Fig. 13 , the shear modulus has an average value of 0.44 × 10 6 psi, comparatively lower than Fig. 9 Mohr-Coulomb criterion for failure. Source: Holtz and Kovacs (1981) the threshold value. Two transition zones were observed at a depth between 1760 m to 2000 m and 2140 m to 2440 m. The first transition zone seems to move toward the soft formation, as the majority of the values are less than the threshold. Alternatively, the second transition zone shows quite average formation strength. Between these two transition zones, there is a decreasing trend below the threshold. This shows the formation easily deformed when force or stress is applied.
Graph of MPL versus depth is shown in Fig. 14. Compared to the Tixier et al.'s (1975) criterion, shallower formation in Field Y has relatively low MPL value with a minimum point of 0.26 × 10 12 psi 2 ; this indicates that shallower formations are softer than deeper intervals. Starting from 1760 m, an infinite slope can be found up to a depth of 2000 m. This also applies to a depth between 2140 and 2440 m. The second transition zone shows a relatively harder formation compared to the former one. The generated data from well logs were used in MATLAB to validate the correlation between the MPL and the shear modulus with depth. Figure 15 shows that there is a good match with correlation coefficient 'R' of 0.97 for all data.
Geomechanical model
In Field X, as shown in Fig. 16 , the Poisson's ratio (v) varies with the burial depth, ranging from 0.1 to a maximum value of 0.5. From 1320 to 1500 m, a sudden decrease in 'v' value from 0.4 to approximately 0.2 was observed. Using the guideline provided in Table 1 , there is a high possibility that Field X contains hydrocarbon within this interval. This observation was corroborated with the information from the operator of Field X, and it was proven that the particular depth is a hydrocarbon-bearing interval. The threshold for the Poisson's ratio is designated at v =0.34. With this criterion, it becomes easier to delineate the interval based on formation strength. Although Poisson's ratio alone is not recommended to distinguish between the hard and soft formation, it serves as a good indicator of the lithology.
A plot of Young's modulus (E) versus depth for Field X is shown in Fig. 17 . Ignoring the noises produced during data collection, the graph shows a low value of Young's modulus is observed at depths below 1120 m. Also, it was observed that the transition zone for Field X falls between 1120 and 1500 m. Using the MPL model as a benchmark, the criteria of Young's modulus are set at 1.6 × 10 6 psi.
Unconfined compressive strength describes the ability of the rock to resist the stress applied. Referring to Table 2 by National Engineering Handbook (2012), the indication of soft sand is formation having low UCS values. UCS was calculated using Bradford et al.'s (1998) correlation, and the results are shown in Fig. 18 . Comparing with MPL model, the threshold of UCS is set at 2400 psi. Figure 19 shows the calculated critical wellbore pressure of Field X. The wellbore pressure falls between 1000 psi and 3800 psi. Critical wellbore pressure graph has a similar trend with UCS graph. With the formula of ∆P = P o − P c , drawdown pressure can be calculated using overburden pressure minus critical wellbore pressure. As shown in Fig. 19 , drawdown pressure has an inverse relationship with critical wellbore pressure at a depth around 1320 m to 1500 m. Figure 20 shows the predicted results for critical wellbore pressure using MATLAB. The training outcome is satisfying with an average R value of 0.97. The Poisson's ratio of Field Y falls between ranges of 0.30 to 0.45 as shown in Fig. 21 . Using MPL model as a guideline, the threshold for Poisson's ratio was set at 0.34, which is same with Field X. Infinite slope can be noticed at depth from 1760 m to 2000 m and from 2140 to 2440 m. Between 2000 and 2140 m, the Poisson's ratio value was around 0.40. According to the guideline (Table 1) , it was suspected that this zone contains coal mineral. Correlated with lithostratigraphy profile of Field Y, this particular zone contains abundant coal layers. Figure 22 shows a graph of Young's modulus versus depth. With comparison on MPL model, the criterion for Young's modulus is set at 1.6 × 10 6 psi. Graph shows Young's modulus is increasing with depth, indicating the formation strength is increasing as depth goes down. Above 1760 m, the formation is soft as it is below the adjusted threshold. Starting from 1760 to 2000 m, an infinite slope can be found with the majority of the values below the set threshold. From 2000 to 2140 m, a sudden decrease in Young's modulus indicates the reduction in formation strength. Again, the second transition zone can be found between 2140 and 2440 m. The second transition zone shows the hardest interval in Field Y.
Referring to Fig. 23 , Field Y shows an average UCS value of 2437.69 psi. Using the guideline provided in Table 2 , Field Y shows weak and unconsolidated formation. The shallower formation has lower UCS value. With a set threshold of 2400 psi, it was observed that the second transition zone is harder compared to other intervals.
As shown in Fig. 24 , critical wellbore pressure of Field Y ranges between 3000 and 7000 psi. From the graph, the increase in critical wellbore pressure is in four sections, from 1266 to 1760 m, 1760 to 2000 m, 2000 to 2140 m and 2140 to 2400 m. Critical wellbore pressure is important to engineers, especially the operators, as it can indicate the maximum drawdown pressure to operate the well without causing sand failure. By deducting critical wellbore pressure from overburden pressure, drawdown pressure for each interval was plotted. MATLAB result for Field Y critical wellbore pressure is shown in Fig. 25 . According to the training outcome, all the R values fall above 0.98, which shows a good result. 
Conclusions
The aim of this study was to investigate the veracity of Tixer et al.'s sanding criteria that are strictly based on the mechanical property log (MPL) and the shear modulus (G). The scope of this study focused on the quick evaluation and qualitative identification of sanding potentials in clean sands using geomechanical properties and well log data. The prediction of critical production rate, sand accumulation in wellbore and screen selection that require the determination of in situ stresses, friction angle, pore pressure and cohesion are not considered. The sanding prediction was conducted using two models: the MPL model and the geomechanical model. Well log data from two fields were used to generate the geomechanical properties and evaluate the reliability of 's (1975) criteria. The data were subsequently applied to develop new threshold for identifying the transition zone and to differentiate weak or unconsolidated zone from stable or strong zones. Analyses have shown that the Poisson's ratio has a threshold of 0.34 and Young's modulus of 1.6 × 10 6 psi while the UCS threshold is set at 2400 psi. These values are more consistent than those set by Tixier et al. (1975) to identify failure-prone zones. Values less than the new threshold would indicate potential sand production. This interpretation was validated with excellent results from MATLAB prediction. The application of the geomechanical properties to predict sanding potential in wells has been further established in this work. Transition zone can be identified when the graph shows an infinite slope. This is a new approach that can be applied to identify the formation strength of the reservoir intervals. The existing MPL model is still applicable but with caution; however, it is recommended that the geomechanical model be used in conjunction with MPL model to obtain more accurate and reliable results.
